Main objective behind this work is to study and analyze the performance of copper-oxide nanofluids with water as base fluid in the flat tube bent through 90⁰ and inlet flow temperature of 40 ℃. The simulation has been carried out using Finite volume method under Reynolds number existing between 1000-5000 and volume concentrations between
INTRODUCTION
Over last two or three decades nanofluids have been one of the most influential areas of research. Heat and mass transfer has been most common application of nanofluids. Due to increase in demand for high power production, conventional fluids have become obsolete and requirement of new medium for heat and mass transfer was felt. Basically, nanofluids are colloidal solution of nanoparticle (size less than 100 nm) having high thermal conductivity into base fluid like water and ethylene glycol. This concept of colloidal solution was first introduced by Maxwell [1] . Maxwell used various small particles (not nano-sized) collided into fluid for his study and provided a relation for thermal conductivity. Later in 90's Choi [2] introduced the term nanofluids as he used nanoparticle instead of normal particles used by Maxwell. For last two decades, commercial and industrial uses of nanofluids have been somewhat limited to only few research purposes around the world. Higher production cost and unavailability of efficient manufacturing techniques were main reasons for this limited use of nanofluids. But with time and various researches being conducted in this field various industries have now started to move into this field and conduct various researches according to their requirement. Automobile industry is one such industry which have very high requirement for heat transfer or cooling devices due to increasing power requirement and in order to decrease the size of cooling device. Various studies have been conducted for studying flow of different type of nanofluids under different geometric configurations of tube i.e. circular cross-sectioned tube, flat tube, and elliptical cross-sectioned tube.
Almost every study conducted after introduction of nanofluids terminology have reported significant amount of enhancement in performance of conventional heat transfer fluids [3] [4] [5] [6] [7] [8] . Heris et al. [9] reported in their study of Al2O3/water nanofluids flowing through circular tube that heat transfer coefficient increased with increase in volume concentration of nanoparticle from 0.2 % to 2.5 % with Reynolds number varying in between 700 and 2050. Fotukian and Esfahany [10] revealed that pressure drop is increased when volume concentration increases from 0.03 to 0.135 % under highly turbulent conditions with Reynolds number existing in between 6000 and 31000 for circular crosssectioned tube. Namburu et al. [11] have reported increase of 35 % in Nusselt number due to addition of 6 % volume concentration of CuO nanoparticle. Base fluid used in this study was mixture of water and ethylene glycol under turbulent flow regime in circular tube treated with wall condition as constant heat flux. Elias et al. [12] studied impact of Al2O3 nanoparticle on the thermo-physical properties of conventional coolant in radiator and reported that thermal conductivity increases while density and viscosity decreases due to addition of nanoparticle. Vajjha et al. [13] reported that average heat transfer coefficient increases by 2.17 times base fluid for Al2O3 and CuO nanofluids when Reynolds number increased from 3000 to 8000. Base fluid used was 60: 40 mixtures of ethylene glycol and water for this analysis.
Peyghambarzadeh et al. [14] experimentally studied performance of Al2O3/water (20 nm) nanofluids under highly turbulent region in automobile radiator having elliptical crosssectioned tubes. Results obtained in this study clearly shows 30-45 % increase in heat transfer coefficient compared with base fluid i.e. water. Further enhancement of Nusselt number obtained was 6 %, when inlet temperature of fluid was changed from 37 ℃ to 49 ℃. Delavari and Hashemabadi [15] evaluated various CFD simulation results and studied enhancement in heat transfer enhancement for flow of Al2O3 / water and Al2O3 ethylene glycol in flat tube of a radiator. Results obtained in this paper show that local friction coefficient increase with increase in concentration, also increase in Nusselt number with rising volume concentrations and Reynolds number for both nanofluids.
Zhao et al. [16] also conducted numerical analysis of Al2O3/water nanofluids in flat tube and reported that when liquid inlet velocity through tube is increased enhancement percentage diminishes at all concentrations. Particle volume concentration between 1 to 6 % was analysed throughout study. It was also found that lower particle diameter results in higher heat transfer enhancement. Leyong et al. [17] have suggested that addition of 2 % CuO nanoparticle in ethylene glycol will give us 18.7 % reduction in frontal area of radiator. Heat transfer performance of radiator is found to improve by 42 % to 45.2 % when Reynolds number for outside air flow was varied from 4000 to 6000. Elsebay et al. [18] also carried out a numerical study on resizing the flat tube with Al2O3 and CuO nanofluids and reported that size of flat tube can be reduced with use of nanofluids for same heating load.
Nassan and Heris [19] observed that convective heat transfer coefficient shows higher enhancement in CuO/water as compared to Al2O3/water in laminar region having Reynolds number between 660 and 2050 at similar volume concentration. Square cross-sectioned duct was used as test section during this work. In another study, Das et al. [20] reported that temperature conditions have significant amount of impact on the enhancement of thermal conductivity along with nanoparticle concentration. Nieh et al. [21] reported in his study that heat dissipation capacity of TiO2/water nanofluids is greater than Al2O3/water nanofluids under laminar condition. From studies conducted above it can be concluded that heat transfer capability of system increases with volume concentrations as well as Reynolds number.
From above studies it can be clearly seen that most of works that have been done in the field of nanofluids exists in straight tube configurations for various cross sectional areas such as square, circular, elliptical. While there are some works related to study of circular cross-sectioned tube bent at different angles, number of works on flat tube containing bend are still limited in numbers. Main reason behind choosing this problem for study is the fact shown in studies above that heat transfer increases with increase in Reynolds number or turbulence. Presence of bend section will result in higher particle turbulence in the region which can result in better performance. Main objective of this study is to evaluate the impact of 90⁰ bend provided in flat tube configuration on performance of CuO nanofluids flowing through tube. This study is conducted using finite volume approach under Reynolds number between 1000-5000 with volume concentrations of CuO nanofluids varying between 0.1-0.4 % v/v.
MATHEMATICAL MODELING
The flat tube of radiator has high surface to cross section area ratio in comparison with circular tube i.e. improvement in heat transfer performance. The flat tube with 90⁰ bend is reported to have major (D) and minor (d) diameters. Length of flat tube is kept 0.310 m with bend existing at the centre of geometry. Thickness at bending portion is assumed to be uniform as modelled in the geometry. Geometric configuration of the domain used in this study is clearly shown in Figure 1 .
As hydraulic diameter depends completely upon the wetted perimeter and surface area of tube, the hydraulic-diameter of flat-tube was determined with the help of Eq. (1) presented below. In this study hydraulic diameter is calculated to be 0.00535 m.
Governing equations
The fluid model used in this study is considered Newtonian and incompressible in nature. The fluid is considered homogenous in nature due to small volume concentration and negligible nanoparticle size. The velocity of air flowing over the plate and ambient temperature was assumed to be constant. Under the above conditions, the problem was solved numerically. ANSYS-fluent 14.5 and the conservation Eq. (2), (3) and (4) were used for CFD analysis of problem.
Continuity equation:
.0 V = (2) Energy equation:
Momentum equation:
Thermo-physical data
Before moving on to numerical analysis of given problem it is important to calculate thermo-physical properties of the nanofluids. Various studies have been done previously to obtain desired relations to calculate various properties like thermal conductivity, dynamic viscosity, specific heat and density.
The thermal conductivity of nanofluids is calculated by using Hamilton-Crosser (1959) equation shown in Eq. (5) which is as follows:
The expression employed to determine the dynamicviscosity of nanofluids reported by Einstein (1906) is generally in Eq. (6) as follows:
Specific heat of nanofluids is determined from Xuan and Rotzel (2000) relation as provided in the Eq. (7)
Pak and Choi (1998) relation as shown in Eq. (8) is found to give results close to actual measured values. Therefore, this relation is used in present study to get measure values of density:
Boundary conditions
Various boundary conditions for numerical analysis are provided in the Table 1 . The inlet is considered as inlet velocity and for turbulent flow turbulence intensity is 10 %.
The surface is with constant convection coefficient 150 W/m 2 .K and free air stream temperature 30 ℃.
The outlet is considered as pressure outlet.
The simulation is carried out with finite volume method.
MESH INDEPENDENCY TEST

Figure 2. Meshing profile used in tube domain
Meshing profile used in this problem is clearly shown in Figure 2 . Mesh is kept fine in outer region of tube as well as in bending section to ensure higher degree of accuracy in solution. In order to optimize the number of elements present in the domain and to decrease the computation time, the mesh independence test was performed. For this, 4 different mesh sizes were generated for discretization. Water as the main fluid with Reynolds number 1000 and fluid-inlet temperature of 40 ℃ is considered for the mesh independence test. The Table  2 shown comprises various element combinations used and results obtained at every combination. The velocity and temperature of grid 3 has a very less difference when compared with results of grid 1, 2 and 4 in spite of the increased number of elements which results in higher computational time. Therefore, the grid 3 is most suitable among all grids provided above to continue in further numerical simulations. To verify the first and second order upwind schemes, two more simulations were run and results were then compared. The results obtained during simulations are provided in Table 3 . It is clearly seen from the Table 3 that there is appreciable change in the temperature results for second order upwind method. Since second order upwind technique is more accurate, therefore the second order upwind scheme is used to proceed with further simulations. In order to evaluate effect of gravity on the results of numerical analysis two more simulations were run with gravity consideration as well as without gravity consideration; details of which are shown in Table 4 . Direction of gravity force was kept in the direction of fluid flow at inlet. From results it is clear that effect of gravity on results of simulations is very small. Further simulations can be carried out without any gravity considerations in order to reduce computational time.
RESULTS AND DISCUSSION
Data processing
The following Eq. (9) is used to calculate the Reynolds number. 
The Nusselt number is obtained by use of following Eq. (10):
The friction factor was calculated using Eq. (11) as follows:
Heat transfer performance
Heat transfer performance of nanofluids is evaluated in present study under different nanoparticle concentrations and different Reynolds number at fluid inlet temperature of 40℃. Each parameter has a significant impact on the performance of nanofluids flowing through tube bent at 90⁰. Heat transfer performance of nanofluids improved with increasing nanoparticle volume concentration. This improvement in heat transfer upon use of nanofluids exists due to greater thermal conductivity of nanofluids compared to base fluid. But, thermal conductivity is not only factor in enhancing heat transfer performance as other factors like chaotic motion of nanofluids particles, energy interaction between nanofluids particles dispersed in base fluid and viscosity change due to migration of nanoparticles. Heat transfer coefficient is found to increase with the rise in volume concentrations of nanofluids from 0.1 % to 0.4 % and with increase in Reynolds number from 1000 to 5000 as shown in the Nusselt number gives better view on heat transfer performance as it gives interrelation between thermal conductivity (k) and heat transfer coefficient (h). Variations in Nusselt number at different nanoparticle concentrations under Reynolds number varying from 1000 to 5000 is shown in Figure 6 . Nusselt number increases upon increasing volume On comparing the Nusselt number of flow through tube bend at 90 ⁰ with that of straight flat tube, it is seen that Nusselt number of bent tube increases by at least 8 %. Maximum amount of increase (almost 20 %) is reported at volume concentration of 0.2 % and Reynolds number of 2000 as shown in Figure 7 . Minimum increase of 8 % is noted at 0.1 % v/v at Reynolds number of 3000. Increase in heat transfer coefficient and Nusselt number upon inclusion of bend could perhaps be attributed to presence of higher turbulent intensity at bend section of tube. Upon analyzing Figure 5 and Figure 8 it can be clearly seen that amount of enhancement in heat transfer performance of bent tube in laminar flow region is much higher than turbulent flow region.
Fluid flow performance
In the practical application of nanofluids, along with the heat transfer performance estimation, the pressure drop is also important. The pressure drop is mainly dependent on viscosity, density and Reynolds number. 
Friction Factor
Reynolds Number Figure 11 . Variation in friction factor under increasing Reynolds number at different volume concentrations from 0.1% to 0.4% v/v
The friction factor increased because of increasing nanoparticle concentration and decreased due to increasing Reynolds number as shown in the Figure 11 . The lowest value of friction factor is noted at Reynolds number 5000 and maximum value of friction factor at 1000 for the nanofluids at different volume concentrations. Friction factor increased slightly with addition of CuO nanoparticle. Maximum 9 % increase in friction factor is obtained at 0.4 % volume concentration of CuO at Reynolds number 5000 and minimum 0.5 % increase in friction factor is obtained at 0.1 % volume concentration at Reynolds number 1000. Friction factor decreased upon bending of flat tube at 90⁰. Maximum decrease of almost 20 % in friction factor is observed at Reynolds number 1000. This decreased when Reynolds number is increased from 1000. Since no clear trend for amount of decrease in friction factor in bend tube could be formed, more extensive study may be required.
CONCLUSIVE REMARKS
Heat transfer performance of rectangular cross-sectioned flat tube having 90⁰bend was numerically investigated throughout this study and then its results were analysed to understand its behaviour. Results obtained were compared with results of numerical investigation of straight flat tube of same dimension as bend tube. After this study various key points concluded are as follows, (1) . Heat transfer coefficient is increased by 13 % when 0.4 % v/v CuO is added to water as base fluid under the Reynolds number 5000.
(2). 7 % to19 % enhancement in heat transfer coefficient was reported when tube with 90 ⁰ bend is used instead of straight tube.
(3). Upon increase in nanoparticle concentration from 0.1 % v/v to 0.4 % v/v, the Nusselt number was enhanced by at least 7 %. Maximum increase (almost 20 %) compared to straight flat tube is reported at 0.2 %v/v at Reynolds number of 2000 upon use of tube with 90 ⁰ bend.
(4). The pressure drop increases along with increasing Reynolds number and also with increasing nanoparticle concentration. The pressure drop increased by almost 14 % with the addition of 0.1 % v/v of CuO nanoparticles and increased up to 36 % on addition of 0.4 % v/v of CuO nanoparticle. (5) . Pressure drop is noticed to have decreased when flat tube is bent at 90⁰. Maximum decrease of 14.97 % is obtained at 0.3 % volume concentration upon use of bent tube. (6) . Friction factor increases with rise in nanoparticle concentrations and decreases with rise in Reynolds number. (7) . Friction factor decreased upon bending of flat tube at 90⁰. Maximum decrease of almost 20 % in friction factor is observed at Reynolds number 1000.
Use of Flat tube with bend instead of straight flat tube can increase its heat transfer performance of cooling devices such as radiator and reduce number of tubes and surface area required for same amount of heat transfer. But use of bent tube may increase manufacturing implications as well as initial cost tube due to complexity in production of tube. Impact of bent tube on power consumption of cooling or heating devices will need further study in this field to fully understand performance of heat transfer devices.
